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Description

[0001] This invention was made with government support under Grant No. U19 CA128147 awarded by the National
Institutes of Health. The government has certain rights in the invention.

FIELD OF THE INVENTION

[0002] The present disclosure generally relates to compounds and compositions for targeting CLPTM1L polypeptides
and methods for using such compounds and compositions to treat or prevent a cancer or other condition associated
with CLPTM1L protein dysfunction (e.g., pathogenic production, modification, or function). In particular, the present
disclosure relates to therapeutic agents comprising CLPTM1L targeting moieties and to methods of administering such
therapeutic agents to a subject to treat or prevent a disease or condition associated with CLPTM1L protein dysfunction
such as non-small celllung cancer. Therapeutic agents, pharmaceutical compositions, and methods are described herein.

BACKGROUND

[0003] Cancer is a disease that begins with mutation of oncogenes and tumor suppressor genes. Mutation of these
critical genes allows for a cancer cell to evolve and ultimately results in pathogenic replication (a loss of normal regulatory
control leading to excessive cell proliferation) of various given types of cells found in the human body. Tumor formation,
tumor survival, and cancer metastasis require anchorage-independent growth and protection from genotoxin-induced
apoptosis and anoikis, a programmed cell death mechanism associated with detachment of tumor cells from an extra-
cellular substrate. Tumor cells require protection from apoptosis and anoikis to invade surrounding tissue and to undergo
metastasis.

[0004] James et al (2012) PLoS ONE 7(6):e36116 refers to functional characterization of CLPTM1L as a lung cancer
risk candidate gene in the 5p15.33 locus. Zhenhua et al (2012) PLoS ONE 7(12):€52598 refers to CLPTM1L being
overexpressed in lung cancer and associated with apoptosis.

[0005] There remains a need in the art for methods for treating or preventing cancer and, in particular, for methods
which slow or curb tumor growth and prevent metastasis.

BRIEF SUMMARY OF THE INVENTION

[0006] The presentinvention provides a CLPTM1L-targeting agent, wherein the CLPTM1L-targeting agent is a mon-
oclonal antibody that binds specifically to a peptide having an amino acid sequence of SEQ ID NO:6 or SEQ ID NO:10.
In a first aspect, described herein is a compound comprising a CLPTM1L-targeting agent selected from the group
consisting of an antibody, a peptide, an aptamer, or a fragment thereof. The CLPTM1L-targeting agent is a monoclonal
antibody specific for at least a portion of a CLPTM1L polypeptide. The CLPTM1L polypeptide can have the amino acid
sequence set forth in SEQ ID NO:2 or a portion thereof. The monoclonal antibody can bind specifically to a peptide
having an amino acid sequence selected from the group consisting of SEQ ID NO:4-25. The monoclonal antibody can
be a monoclonal anti-CLPTM1L clone selected from the group consisting of 6-1, 6-2, 10-1, 10-2, and 10-3. The monoclonal
antibody can be specific to a CLPTM1L polypeptide having one or more of the mutations set forth in Table 2. In some
cases, the CLPTM1L-targeting agent is a peptide having an amino acid sequence selected from the group consisting
of SEQ ID NO:4-25.

[0007] In another aspect, described herein is a pharmaceutical composition comprising a compound provided herein
and a pharmaceutically acceptable carrier.

[0008] In yet another aspect, described herein is an agent according to a compound or composition provided herein
for use as a medicament. Further described is use of such an agent in the manufacture of a medicament.

[0009] In a further aspect, described herein is an article of manufacture comprising a pharmaceutical composition of
the invention and instructions for administration to a human subject.

[0010] In another aspect, described herein is a method for treating or preventing a tumor in a subject. The method
typically comprises administering a therapeutically effective amount of a compound comprising a CLPTM1L-targeting
agentto a subjectin need thereof, whereby the tumor is treated or prevented in the subject. In some cases, the CLPTM1L-
targeting agent is selected from the group consisting of an antibody, a peptide, and aptamer, or a fragment thereof. The
CLPTM1L-targeting agent can be a monoclonal antibody specific for at least a portion of a CLPTM1L polypeptide. The
CLPTM1L polypeptide can have the amino acid sequence set forth in SEQ ID NO:2 or a portion thereof. The monoclonal
antibody can be specific to a peptide having an amino acid sequence selected from the group consisting of SEQ ID
NO:4-25. The monoclonal antibody can be specific to a CLPTM1L polypeptide having one or more of the mutations set
forth in Table 2. The CLPTM1L-targeting agent can be a peptide having an amino acid sequence selected from the
group consisting of SEQ ID NO:4-25.
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[0011] In some cases, the tumor is a solid tumor selected from the group consisting of glioblastoma, sarcoma, carci-
noma, and lymphoma. In some cases, the tumor is associated with a cancer or pre-neoplastic lesion selected from the
group consisting of lung cancer, pancreatic cancer, prostate cancer, skin cancer, bladder cancer, kidney cancer, ovarian
cancer, colon cancer, colorectal cancer, breast cancer, cervical cancer, brain cancer, esophageal cancer, and stomach
cancer, or a pre-neoplastic lesion thereof. The tumor can be associated with lung cancer or a pre-neoplastic lesion
thereof. The tumor can exhibit resistance to a chemotherapeutic agent. The chemotherapeutic agent can be selected
from the group consisting of cisplatin and gemcitabine. In some cases, the compound is administered with a pharma-
ceutically acceptable carrier.

[0012] In yetanother aspect, described herein is a method of treating or preventing a disease or condition associated
with over-expression or inappropriate expression of a nucleic acid sequence encoding CLPTM1L in a subject. The
method typically comprises administering a compound comprising a CLPTM1L-targeting agent to a cell, tissue, or organ
of a subject at risk of, diagnosed as having, or exhibiting a symptom of the disease or condition. The disease or condition
can be a cancer, tumor, (e.g., solid tumor) or a pre-neoplastic lesion. The tumor, cancer, or pre-neoplastic lesion can
be selected from the group consisting of lung cancer, pancreatic cancer, glioblastoma, prostate cancer, skin cancer,
bladder cancer, kidney cancer, ovarian cancer, colon cancer, colorectal cancer, breast cancer, cervical cancer, brain
cancer, esophageal cancer, stomach cancer, lymphoma, chronic leukemia, and acute leukemia. The tumor can exhibit
resistance to a chemotherapeutic agent. The chemotherapeutic agent can be selected from the group consisting of
cisplatin and gemcitabine. The CLPTM1L-targeting agent can be selected from the group consisting of an antibody, a
peptide, an aptamer, or a fragment thereof. The CLPTM1L-targeting agent can be a monoclonal antibody specific for at
least a portion of a CLPTM1L polypeptide. The CLPTM1L polypeptide can have the amino acid sequence set forth in
SEQ ID NO:2 or a portion thereof. In some cases, the monoclonal antibody is specific to a peptide having an amino acid
sequence selected from the group consisting of SEQ ID NO:4-25. The monoclonal antibody can be specifictoa CLPTM1L
polypeptide having one or more of the mutations set forth in Table 2. The CLPTM1L-targeting agent can be a peptide
having an amino acid sequence selected from the group consisting of SEQ ID NO:4-25. The compound can be admin-
istered with a pharmaceutically acceptable carrier.

[0013] These and other features, aspects, and advantages of the present invention will become better understood
from the description that follows. In the description, reference is made to the accompanying drawings, which form a part
hereof and in which there is shown by way of illustration, not limitation, embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The present invention will be better understood and features, aspects and advantages other than those set
forth above will become apparent when consideration is given to the following detailed description thereof. The detailed
description makes reference to the following drawings, wherein:

FIG. 1 presents structural data demonstrating the presence of two separate globular domains separated by a small
disordered region (amino acid residues 142-162) within the larger extracellular region.

FIG. 2 presents (A) a summary of CLPTM1L predicted structure including orientation of the human sequence of
CLPTM1L within the plasma membrane, two extracellular globular domains (ECR1 and ECR2), the interstitial dis-
ordered region, transmembrane regions, and identified glycosylated cell surface peptides (in blue) and predicted
sites N-glycosylation sites (green). Monoclonal antibodies generated against CLPTM1L peptides targeting each
ECR are indicated in parentheses. Image was generated using the Protter application (Omasits et al., Bioinformatics
30(6):884-6 (2014)). (B) A splicing variant of CLPTM1L, lacking extracellular region 1 and some transmembrane
domains changing the predicted structure. The expression pattern of this isoform is not known.

FIG. 3 depicts selection of epitopes to raise monoclonal antibodies specific for human CLPTM1L protein. The focus
region for monoclonal antibody design included the ordered regions of the predicted extracellular domain. Glyco-
sylation sites were excluded.

FIG. 4 demonstrates CLPTM1L localization. (A) Western blotting of cell surface and whole cell protein lysates for
CLPTM1L, transmembrane receptor EGFR and nuclear protein Cyclin D1. Monoclonal antibodies 6-1, 10-2, and
10-3 were used for western blotting. (B) Immunofluorescent staining of non-permeablized A549 lung tumor cells
using DAPI dye to stain cell nuclei and polyclonal antibody to the predicted extracellular N-terminus of human
CLPTM1L followed by a secondary FITC conjugated antibody to detect CLPTM1L. A non-specific antibody was
used as a control. Staining indicates punctuate plasma membrane localization of the protein. (C) Western blotting
for CLPTM1L in H838 cells with monoclonal antibodies. (D) Immunofluorescent staining of non-permeabilized A549
cells with monoclonal CLPTM1L antibodies 6-1 (1000X) and 10-2 (400X). Monoclonal antibodies 6-1 and 10-2 were
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used for immunofluorescence.

FIG. 5 presents graphs and images demonstrating that CLPTM1L expression is increased in pancreatic tumor tissue
over normal pancreatic ductal epithelia and that higher expression is correlated with poor survival. (A) Immunohis-
tochemical scoring of staining with antibody specific to CLPTM1L in pancreatic tumor vs. normal ductal epithelial
tissues in 31 patients. (B) Kaplan-Meier survival curves stratified into tertiles of CLPTM1L expression. (C) Repre-
sentative staining of tumor.

FIG. 6 demonstrates thattargeting CLPTM1L in tumor cells modulates Bcl-xL and Akt survival signaling and sensitizes
cells to killing with cisplatin. (A) Treating A549 cells with polyclonal anti-CLP antibody (1:1000 = 1 png/mL) reduced
accumulation of anti-apoptotic molecules Bcl-xL and total Akt. (B) Anti-CLPTM1L significantly increased sensitivity
to killing upon cisplatin treatment for 24 hours (p<0.05). (C) Treatment with monoclonal anti-CLP (10-2) increased
sensitivity of pancreatic adenocarcinoma cells to killing by gemcitabine (500 uM for 72 hours). (D) Treatment of
pancreatic adenocarcinoma cells with monoclonal anti-CLP (10-2) reduced accumulation of phosphorylated Akt.

FIG. 7 presents images and graphs demonstrating that treatment with anti-CLP antibody (Ab) inhibits anchorage-
independent growth of human lung tumor and bronchial epithelial cells in vitro. Anchorage-independent growth of
human lung tumor cells, as measured by colony formation in 0.4% top agar over a 0.8% bottom agar layer, was
inhibited by 55%-65% by anti-CLPTM1L treatment compared to solvent control treated cells (p<0.05). Treatments
were administered one day after plating and again one week later. EGF treatment induced anchorage independent
growth in Beas2B human bronchial epithelial cells, which was inhibited by 76% upon treatment with anti-CLP Ab.

FIG. 8 demonstrates colony growth inhibition of pancreatic tumor cells by anti-CLPTM1L antibodies. (A) Panc-1
pancreatic tumor cells were plated on 6-well plates in triplicate at 1000 cells per well in DMEM/F12 w/ 10% FBS.
After plating, the indicated antibodies were added to the culture media at 5 pg/mL. (B) Colonies per well were
counted after 5 days in culture following fixation in methanol and staining with 0.5% crystal violet. **p=0.005.

FIG. 9 presents xenograft models for inhibition of the growth of established human lung tumors. (A) Mean tumor
volume in athymic nude mice injected subcutaneously with A549 tumor cells and treated with control ascites, pol-
yclonal anti-CLPTM1L, or monoclonal anti-CLPTM1L clones after tumor establishment on days 0, 5, and 12. Error
bars represent standard error of the mean. (B) Tumor volumes of individual tumors at day 17. Error bars represent
standard deviations. *p<0.05, **p<0.005.

FIG. 10 summarizes characterization of in vitro anti-tumor effects of monoclonal anti-CLPTM1L antibodies.
DETAILED DESCRIPTION OF THE INVENTION

[0015] The present invention is based at least in part on the Inventors’ discovery that CLPTM1L is commonly over-
expressed in non-small cell lung cancer (NSCLC) and that it protects lung tumor cells from genotoxic apoptosis. In
particular, depletion of CLPTM1L robustly and significantly inhibited tumorigenesis in vivo in multiple models. Cisplatin
Resistance Related Protein-9 (CRR9), otherwise known as Cleft-Lip and Palate Transmembrane Protein-Like Protein
1 (CLPTM1L), is located at chromosome 5p15.33 as defined by multiple Genome Wide Association (GWA) studies. The
CLPTM1L gene lies within a locus on chromosome 5 that is frequently gained in copy number early in lung cancer and
thatis associated by genotype with lung cancer susceptibility. For example, genetic variants near and withinthe CLPMT1L
gene are associated with lung cancer, cervical cancer, ovarian cancer, pancreatic cancer, bladder cancer, glioma,
prostate cancer, basal cell carcinoma, and melanoma. Although the mechanism of action remains to be fully elucidated,
it is believed that CLPTM1L is involved in Bcl-xL survival protein accumulation. Indeed, the Inventors previously dem-
onstrated that CLPTM1L protects chemotherapeutically treated tumor cells from genotoxin-induced apoptosis and that
CLPTM1L is required for anchorage independent growth and for Ras-driven lung tumorigenesis.

[0016] The Inventors further discovered that CLPTM1L localizes to the plasma membrane, and that polyclonal anti-
bodies targeting the N-terminal region of the CLPTM1L protein, which is predicted to be extracellular, elicit comparable
phenotypes to those elicited by RNA interference-mediated depletion of CLPTM1L; specifically, Bcl-xL and Akt inhibition,
chemosensitization, and anchorage dependence. Accordingly, the present invention relates to immunoglobulins, com-
positions, and methods of using such compositions for targeting human CLPTM1L for the prevention or treatment of
solid tumors and cancers and for chemosensitization of tumor cells.

[0017] As used herein, the term "solid tumor" refers to an abnormal mass of tissue that usually does not contain cysts
or liquid areas. Non-cancerous tumors are described as "benign," while cancerous tumors are described as "malignant.”
Different types of solid tumors are named for the particular cells that form them, for example, sarcomas formed from
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connective tissue cells (such as bone cartilage, fat), carcinomas formed from epithelial tissue cells (such as breast,
colon, pancreas), and lymphomas formed from lymphatic tissue cells (such as lymph nodes, spleen, thymus). Treatment
of all types of solid tumors is within the scope of this invention.

[0018] The human CLPTM1L gene (SEQ ID NO:1; Genbank ID AAH25305.1) encodes a 538 amino acid polypeptide
(SEQ ID NO:2; UniProt ID: Q96KA5.1). Gene products of human CLPTM1L include a primary mRNA (Genbank ID
BC016399.1; SEQ ID NO:3) and two additional predicted transcript splice variants (Ensembl transcript IDs:
ENST00000320927 and ENST00000507807). These predicted splice variants encode proteins of 502 and 369 amino
acids, respectively. Splice variant prediction methods are available at useast.ensembl.org/info/docs/geneb-
uild/genome_annotation.html on the World Wide Web.

Compositions of the Invention

[0019] In one aspect, described herein are compositions comprising CLPTM1L-targeting agent having specificity for
at least a portion of a CLPTM1L polypeptide. As described herein, compositions of the present invention are useful as
therapeutic agents and pharmaceutical compositions for a variety of clinical applications. In particular, described herein
are therapeutic compositions comprising one or more CLPTM1L-targeting agent including antibodies, antibody frag-
ments, immunoconjugates, bispecific antibodies, trispecific antibodies, and chimeric antigen receptors having specificity
for (i.e., targeted to) one or more CLPTM1L epitopes. Also described are compositions comprising one ormore CLPTM1L-
targeting peptides. As used herein, a CLPTM1L-targeting agent is a molecule or complex that specifically binds to a
CLPTM1L polypeptide or to one or more epitopes of a CLPTM1L polypeptide or fragment thereof and/or competes for
binding at one or more epitopes of a CLPTM1L polypeptide or fragment thereof.

[0020] As used herein, the term "polypeptide" is intended to encompass a singular "polypeptide" as well as plural
"polypeptides," and refers to a molecule composed of monomers (amino acids) linearly linked by amide bonds (also
known as peptide bonds). The term "polypeptide" refers to any chain or chains of two or more amino acids, and does
not refer to a specific length of the product. Thus, peptides, dipeptides, tripeptides, oligopeptides, "protein," "amino acid
chain," or any other term used to refer to a chain or chains of two or more amino acids, are included within the definition
of "polypeptide," and the term "polypeptide" may be used instead of, or interchangeably with, any of these terms. The
term "polypeptide" is also intended to refer to the products of post-expression modifications of the polypeptide, including
without limitation glycosylation, acetylation, phosphorylation, amidation, derivatization by known protecting/blocking
groups, proteolytic cleavage, or modification by non-naturally occurring amino acids. A polypeptide may be derived from
a natural biological source or produced by recombinant technology, but is not necessarily translated from a designated
nucleic acid sequence. It may be generated in any manner, including by chemical synthesis.

[0021] As used herein, the terms "antibody" and "antibodies" are synonymous with "immunoglobulin" and "immu-
noglobulins," and the terms are used interchangeably herein. The terms "antibody" and "antibodies" include whole
immunoglobulins including, without limitation, polyclonal antibodies or monoclonal antibodies (mAbs). The term antibody
encompasses various broad classes of polypeptides that can be distinguished biochemically. Those skilled in the art
will appreciate thatheavy chains are classified as gamma, mu, alpha, delta, or epsilon (y, u, a., 8, € v) with some subclasses
among them (e.g., y1-y4). It is the nature of this chain that determines the "class" of the antibody as 1gG, IgM, IgA IgG,
or IgE, respectively. The immunoglobulin subclasses (isotypes) e.g., 1G4, 19G,, 19G3, 1gG,4, 19Gs, etc. are well charac-
terized and are known to confer functional specialization.

[0022] Antibodies appropriate for the present invention also include antibody fragments or modified products thereof,
provided that they can be suitably used in the present invention. Appropriate antibody fragments comprise at least one
variable domain of an immunoglobulin, such as single variable domains Fv (Skerra & Pluckthun, Science 240:1038-41
(1988)), scFv (Bird et al., Science 242:423-26 (1988); Huston et al., Proc. Natl. Acad. Sci. USA 85:5879-83 (1988)),
Fab, (Fab’), or other proteolytic fragments. The terms "antibody" and "antibodies" further include chimeric antibodies;
human and humanized antibodies; recombinant and engineered antibodies, conjugated antibodies, and fragments there-
of. Humanized antibodies are antibodies wherein the complementarity determining regions (CDRs) of an antibody from
a mammal other than human (e.g., a mouse antibody) are transferred into the CDRs of human antibodies. Chimeric and
humanized antibodies can be made according to standard protocols such as those disclosed in U.S. Pat. No. 5,565,332.
Other antibody formats are described in, for example, "Antibody Engineering," McCafferty et al. (Eds.) (IRL Press 1996).
Also encompassed in the invention are CLPTM1L-targeting immunoglobulins that have been conjugated or bound in
some manner to various molecules including, without limitation, polyethylene glycol (PEG), radioactive substances, and
drugs. Such conjugated antibodies can be obtained by chemically modifying a CLPTM1L-targeting immunoglobulin.
Methods for obtaining conjugated antibodies are known and available in the art.

[0023] The antibodies described herein may be polyclonal or monoclonal antibodies. Preferably, the CLPTM1L-tar-
geting immunoglobulins are monoclonal. Methods of producing polyclonal and monoclonal antibodies are known in the
art and described generally, e.g., in U.S. Pat. No. 6,824,780. Typically, the antibodies of the present invention are
produced recombinantly, using vectors and methods available in the art, as described further below. Human antibodies
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may also be generated by in vitro activated B cells (see U.S. Pat. Nos. 5,567,610 and 5,229,275). Human antibodies
may also be produced in transgenic animals (e.g., mice) that are capable of producing a full repertoire of human antibodies
in the absence of endogenous immunoglobulin production. For example, it has been described that the homozygous
deletion of the antibody heavy-chain joining region (Jy) gene in chimeric and germ-line mutant mice results in complete
inhibition of endogenous antibody production. Transfer of the human germ-line immunoglobulin gene array into such
germ-line mutant mice results in the production of human antibodies upon antigen challenge. See, e.g., Jakobovits et
al., Proc. Natl. Acad. Sci. USA, 90:2551 (1993); Jakobovits et al., Nature, 362:255-258 (1993); Bruggemann et al., Year
in Immuno., 7:33 (1993); U.S. Pat. Nos. 5,545,806, 5,569,825, 5,591,669; U.S. Pat. No. 5,545,807; and WO 97/17852.
Such animals may be genetically engineered to produce human antibodies comprising a polypeptide described herein.
[0024] The source of the antibodies described herein is not particularly restricted in the present invention; however,
the antibodies are preferably derived from mammals, and more preferably derived from humans. Monoclonal antibodies
appropriate for the presentinvention can be prepared by standard hybridoma methods. For example, standard hybridoma
methods employ differential binding assays to ensure that the resulting monoclonal antibodies are specific fora CLPTM1L
polypeptide and do not show cross-reactivity between related proteins. Alternatively, monoclonal antibodies appropriate
for the present invention can be prepared using antibody engineering methods such as phage display. Methods for
obtaining highly specific antibodies from antibody phage display libraries are known in the art, and several phage antibody
libraries are commercially available from, for example, MorphoSys (Martinsried, Germany), Cambridge Antibody Tech-
nology (Cambridge UK) and Dyax (Cambridge Mass.). Suitable phage display methods are described, for example, in
U.S. Pat. Nos. 6,300,064 and 5,969,108, and in "Antibody Engineering," McCafferty et al. (Eds.) (IRL Press 1996)).
Once the antibody heavy and light chain genes are recovered from the phage antibodies, antibodies in any suitable
format may be prepared for use according to the present invention, e.g., whole antibodies, Fab fragments, scFv, etc.
[0025] Antibodies disclosed herein may be from any animal origin including birds and mammals. Preferably, the
antibodies are human, murine, donkey, rabbit, goat, guinea pig, camel, llama, horse, or chicken antibodies.

[0026] Polyclonal antibodies can be prepared by may also be prepared using traditional animal-based methods. For
example, an appropriate animal can be immunized using a polypeptide immunogen (e.g., peptide of CLPTM1L). Polypep-
tide antibody titers in the immunized animal can be monitored over time by standard techniques, such as with an enzyme
linked immunosorbent assay (ELISA) using immobilized polypeptide. Antibodies specific to the antigen can be isolated
from the mammal (e.g., from the blood) and further purified by techniques known to those practicing in the art including,
for example, protein Achromatography to obtain the IgG fraction. In some cases, at an appropriate time afterimmunization
(e.g., when the antibody titers are highest) antibody-producing cells can be obtained from the animal and used to prepare
monoclonal antibodies.

[0027] As used herein, the terms "epitope" or "antigenic determinant" refer to a site on an antigen (e.g., on CLPTM1L)
to which an immunoglobulin or antibody specifically binds. Generally, an epitope includes at least 3, 4, 5, 6, 7, 8, 9, 10,
11, 12, 13, 14, or 15 consecutive or non-consecutive amino acids in a unique spatial conformation. See, e.g., Epitope
Mapping Protocols in Methods in Molecular Biology, Vol. 66, G. E. Morris, Ed. (1996). As used herein, the terms "specific
binding," "selective binding," "selectively binds," and "specifically binds," refer to an antibody binding to an epitope via
its antigen-binding domain, and that the binding entails some complementarity between the antigen-binding domain and
the epitope. Generally, an antibody specifically or selectively binds with an affinity (generally represented by the disso-
ciation constant K) of approximately less than 107 M, such as approximately less than 108 M, 109 M, or 1010 M, or
lower. As used herein, the term "affinity" denotes the strength of the sum total of non-covalent interactions between a
single binding site of a molecule (e.g., a peptide, polypeptide, or antibody) and its binding partner (e.g., a target or an
antigen). Unless indicated otherwise, as used herein, "binding affinity" refers to intrinsic binding affinity which reflects a
1:1 interaction between members of a binding pair (e.g., between a peptide and its target, or between an antibody and
its antigen). The terms "Kp" and "K" are synonymous and refer to the dissociation equilibrium constant of a particular
molecule X-binding partner Y interaction. Affinities of antibodies can be readily determined using methods known in the
art such as surface plasmon resonance. Other conventional techniques for determining antibody affinities are known in
the art, such as those described by Scatchard et al. (Ann. N.Y. Acad. Sci. USA 51:660 (1949)). Binding properties of an
antibody to antigens, cells or tissues thereof may generally be determined and assessed using immunodetection methods
including, for example, immunofluorescence-based assays, such as immuno-histochemistry (IHC), and/or fluorescence-
activated cell sorting (FACS).

[0028] Inexemplary embodiments, antibodies of the presentinvention bind to CLPTM1L with a dissociation equilibrium
constant (Kp) of less than approximately 10-7 M, such as approximately less than 10-8 M, 109 M, or 10-10 M, or lower.
[0029] Table 1 presents amino acid sequences of epitopes useful for producing CLPTM1L-targeted monoclonal an-
tibodies. The "start" and "end" positions are numbered relative to numbered relative to the amino acid sequence of
human CLPTM1L set forth as SEQ ID NO:2 (UniProt ID: Q96AK5-1).



10

15

20

25

30

35

40

45

50

55

EP 3 094 654 B1

Table 1. Peptides and Epitopes For Monoclonal Antibody Production

Start position End position Epitope sequences SEQ ID NO:

160 o
s e
| EDFDVESKFERT ;

_ |HAGVIPWHDGKQ |

_ | DGSSLPADVHRY, I

_ | HRYMKMIQLGKT

B
; . .
33 42 TRPCSGDANC 12
49 60 RRPKLQLSVYTT 13
68 78 ENNIDLVLNVE 14
80 89 FDVESKFERT 15
112 123 HAGVLPWHDGKQ 16
131 140 TTYMVPKPEE 17
141 150 INLLTGESDT 18
147 156 ESDTQQIEAE 19
157 167 KKPTSALDEPV 20
186 195 DGSSLPADVH 21
195 206 HRYMKMIQLGKT 22
235 244 LPLTVSYDKV 23
255 265 MQDAVYSLQQF 24
266 274 GFSEKDADE 25

[0030] As described in greater detail in the Examples section, epitopes presented in the shaded boxes of Table 1 were
initially selected for monoclonal antibody production using the following criteria: (a) epitopes that reside within the pre-
dicted surface-exposed globular domains of CLPTM1L (e.g., residues at positions 32-284); (b) epitopes that avoid
predicted glycosylation sites (e.g., residues at positions 91,101, and 229); (c) epitopes that avoid the predicted disordered
region (e.g., positions 141-162); and (d) epitopes having amino acid sequences that score highly on the basis of hy-
drophilicity, folding potential, and antigen presentation.

[0031] Monoclonal antibodies can be obtained by hybridoma technology, which is the process of producing hybrid cell
lines by fusing an antibody-producing B cell with a myeloma cell that can grow in tissue culture. The resulting hybridoma
line produces a monoclonal antibody of a single specificity.

[0032] In exemplary aspects, a composition described herein comprises a CLPTM1L-specific immunoglobulin (e.g.,
polyclonal or monoclonal antibody) that is chemically or structurally modified, conjugated chimerized, humanized, or
otherwise engineered antibody. For example, compositions of the invention include a CLPTM1L-specific antibody mod-
ified as an immunoconjugate. As used herein, the term "immunoconjugate" refers to a therapeutic agent that comprises
(1) an antibody that binds to an antigen (e.g., a cancer cell antigen) with high specificity, (2) an effector molecule, and
(3) a linker. The effector molecule can be selected from the group consisting of therapeutic agents, prodrugs, peptides,
proteins, enzymes, viruses, lipids, biological response modifiers, pharmaceutical agents, and polyethylene glycol (PEG).
Preferably, the effector molecule has anti-cancer cell activity. See, e.g., Smaglo etal., Nat. Rev. Clin. Oncol. 11(11):637-48
(2014).

[0033] Appropriate linkers include, without limitation, can be a thioester bond, a disulfide bond, a hydrazone bond, or
a peptide. Preferably, the linker operates to ensure that the effector does not separate from the antibody during transit
and will reliably release the effector to a targeted cancer cell or tumor stroma. See, for review, Smaglo et al., Nature
Reviews Clin. Oncol. 11:637-48 (2014). Without being bound by any particular mechanism or mode of action, it is believed
that immunoconguates are particularly effective anticancer agents because they possess the potent anticancer effects
of a therapeutic agent (e.g., chemotherapeutic) as well as the highly specific cancer targeting properties of a cancer cell
antigen-specific monoclonal antibody. In exemplary aspects, immunoconjugates of the present invention comprise a
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therapeutic agent selected from a pharmacologic agent, radioisotope, and toxin; a CLPTM1L-specific monoclonal or
polyclonal antibody moiety; and a linker.

[0034] Insome cases,a CLPTM1L-specificimmunoglobulin of the presentinvention is a bispecific monoclonal antibody
(BsMADb, BsAb). As used herein, the terms "bispecific monoclonal antibody," "BsMADb," and "BsAb" are used interchange-
ably and refer to an engineered immunoglobulin comprising two different monoclonal antibodies or fragments thereof.
Accordingly, bispecific antibodies are antibodies that have binding specificities for at least two different epitopes. Exem-
plary bispecific antibodies may bind to two different epitopes of a single antigen. Other such antibodies may combine a
first antigen binding site with a binding site for a second antigen. For example, a BsMAb can be engineered to simulta-
neously bind an immune cell (e.g., a T cell, a B cell, amonocyte, a macrophage, a neutrophil, a dendritic cell, a phagocyte,
a natural killer cell, an eosinophil, a basophil, a mast cell) and a cancer cell antigen (e.g., CLPTM1L) to target and kill
the cancer cell.

[0035] A bispecific antibody of the invention can further comprise a human or a humanized Fc fragment such as a
human IgG Fc fragment. CLPTM1L-specificimmunoglobulins can be humanized or subjected to Fc modification according
to any appropriate methodology. As used herein, the term "humanized antibody" generally refers to a human antibody
that has one or more amino acid residues introduced into it from a source that is non-human. These non-human amino
acid residues are often referred to as "import" residues, which are typically taken from an "import" variable domain.
Humanization is traditionally performed following the method of Winter and co-workers (Jones et al., Nature, 321:522-525
(1986); Reichmann et al., Nature, 332:323-327 (1988); Verhoeyen et al., Science, 239:1534-1536 (1988)), by substituting
import hypervariable region sequences for the corresponding sequences of a human antibody. Accordingly, such "hu-
manized" antibodies are chimeric antibodies (U.S. Pat. No. 4,816,567) wherein substantially less than an intact human
variable domain has been substituted by the corresponding sequence from a non-human species. Bispecific antibodies
can be prepared as full length antibodies or antibody fragments (e.g., F(ab’), bispecific antibodies). WO 96/16673
describes a bispecific anti-ErbB2/anti-FcyRIll antibody and U.S. Pat. No. 5,837,234 discloses a bispecific anti-ErbB2/anti-
FcyRI antibody. A bispecific anti-ErbB2/Fco. antibody is shown in W0O98/02463. U.S. Pat. No. 5,821,337 teaches a
bispecific anti-ErbB2/anti-CD3 antibody. Traditional production of full length bispecific antibodies is based on the co-
expression of twoimmunoglobulin heavy chain-light chain pairs, where the two chains have different specificities (Millstein
et al., Nature, 305:537-539 (1983)).

[0036] As used herein, the term "Fc" fragment refers to the carboxy-terminal portions of two heavy (H) chains held
together by disulfide bonds. The effector functions of antibodies are determined by sequences in the Fc region, which
region is also the part recognized by Fc receptors (FcR) found on certain types of cells. Fc regions can be modified to
improve or reduce binding to effector regions. See, e.g., Vincent and Zurini, Biotechnol. J. 7(12):1444-50 (2012). Other
examples of Fc engineering include modifying the half-life of immunoglobulin G (IgG). For example, antibody fragments
having an increased in vivo half-life comprising a salvage receptor binding epitope residues are described in U.S. Pat.
No. 5,869,046. Furthermore, engineered pH-dependent antigen binding can be applied to enhance the recycling of IgG
via FcRn, enabling binding to additional target molecules. For review, see Kaneko and Niwa, Biodrugs 25(1):1-11 (2011).
Other techniques for the production of antibody fragments will be apparent to the skilled practitioner.

[0037] Without being bound by any particular mechanism or mode of action, it is believed that bispecific monoclonal
antibodies exhibit increased antibody-dependent cell-mediated cytotoxicity (Chames et al., mAbs 1:6, 539-547 (2009)).
Accordingly, an effective dose of a CLPTM1L-targeted bispecific monoclonal antibody of the present invention can be
lower than the effective dose of a conventional monoclonal CLPTM1L-specific antibody. In some cases, an effective
dose of such a bispecific antibody is one or more orders of magnitude lower than that of a conventional monoclonal
antibody. For example, an effective dose of a CLPTM1L-targeted bispecific monoclonal antibody can be around 0.01
mg-m=2-d-1 (milligrams per square meter body surface area per day).

[0038] Bispecific antibodies may also be used to localize cytotoxic agents to cancer cells. These antibodies possess
a cancer/tumor-binding arm and an arm that binds a cytotoxic agent (e.g., saporin, anti-interferon-a, vinca alkaloid, ricin
A chain, methotrexate, or radioactive isotope hapten).

[0039] Bispecific antibodies also include antibodies having more than two valencies. For example, bispecific antibodies
include trifunctional hybrid antibodies which, as used herein, are antibodies capable of inducing antibody-mediated
cytotoxicity (via interactions with tumor-associated antigens on target cancer cells) and T-cell mediated cytotoxicity (via
recognition of cytotoxic T lymphocytes) as well as anti-tumor immunologic memory (via interactions of a Fc region with
markers on accessory cells such as macrophages). See Tutt et al., J. Immunol. 147: 60 (1991). For example, bi- and
tri-specific antibodies against CD16, CD19, and CD22 have been shown to activate natural killer cell activation against
B-cell leukemia (Gleason et al., Mol. Cancer. Ther. 11(12):2674-84 (2012)).

[0040] Tri-specific antibodies (also known as trifunctional hybrid antibodies)comprise light and heavy chains originating
from parental mouse IgG2a and rat IgG2b monoclonal antibodies, each having different antigen binding properties that
provide additive tumor killing capabilities through the efficient recruitment of macrophages and NK cells and efficient co-
stimulation of T cells through direct contact with accessory cells such as macrophages. By forming a tri-cell complex
comprising a tumor cell, T cell, and accessory cell, trifunctional hybrid antibodies induce coordinated signaling events
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required for efficient tumor cell destruction. Among those coordinated signaling events are immune effector mechanisms
regulating destructive processes such as phagocytosis and perforin-mediated necrosis. For example, tri-specific anti-
bodies targeting chorionic embryonic antigen (CEA) and the T-cell co-receptors CD3 and CD28 have been shown to
recruit T lymphocytes to kill CEA positive tumors (Wang et al., J Biochem. 135(4):555-65 (2004)).

[0041] In some embodiments, antibodies of the invention are modified with respect to effector function, e.g., so as to
enhance antigen-dependent cell-mediated cyotoxicity (ADCC) and/or complement dependent cytotoxicity (CDC) of the
antibody. This may be achieved by introducing one or more amino acid substitutions in an Fc region of the antibody.
Alternatively or additionally, cysteine residue(s) may be introduced in the Fc region, thereby allowing interchain disulfide
bond formation in this region. The homodimeric antibody thus generated may have improved internalization capability
and/or increased complement-mediated cell killing and ADCC. See Caron et al., J. Exp Med. 176:1191-1195 (1992).
Homodimeric antibodies with enhanced anti-infection activity may also be prepared using heterobifunctional cross-linkers
as described in Wolff et al., Cancer Research 53:2560-2565 (1993). Alternatively, an antibody can be engineered which
has dual Fc regions and may thereby have enhanced complement lysis and ADCC capabilities. See Stevenson et al.,
Anti-Cancer Drug Design 3:219-230 (1989).

[0042] Inothercases, a CLPTM1L-specific antibody of the present invention is embodied in a chimeric antigen receptor
T cell. As used herein, the term "chimeric antigen receptor T cell" refers to a genetically engineered antibody-T cell
chimera that comprises a chimeric antigen receptor (CAR). As described herein, chimeric antigen receptor T cells of the
present invention are therapeutic agents having the antigen specificity of a CLPTM1L-specific antibody and the poly-
functionality and potency of cellular immunity. Techniques for chimeric antigen receptor T cell therapies are known and
available in the art. See, e.g., Kenderian et al., Cancer Res. 74(22):6383-9 (2014).

[0043] In exemplary embodiments, CLPTM1L-specific immunoglobulins provided herein are modified to possess al-
tered binding properties or increased affinity to the target antigen by, for example, affinity improvement or affinity mat-
uration. As used herein, the term "affinity-matured antibody" refers to an antibody or a fragment thereof with one or more
amino acid substitutions in a variable region, which results in improved affinity of the antibody for an antigen, as compared
to a parent (starting) antibody which does not possess those substitutions. Antibody affinity enhancement techniques
are known and available in the art. For example, random mutagenesis (Groves et al., J. Immunol. Methods, 313:129-39,
2006) and site-directed mutagenesis methods (Barbas et al., Proc. Natl. Acad. Sci. USA, 91:3809-13, 1994) are known.
In some cases, these mutagenesis methods are combined with, for example, in vitro display-based technologies such
as phage or ribosome display to generate libraries of variants for subsequent screens (Almagro and Strohl, Antibody
Engineering: Humanization, Affinity Maturation and Selection Methods. 307-327. In: Therapeutic Monoclonal Antibodies:
From Bench to Clinic. Ed. Zhigiang An. John Wiley & Sons, Inc. 2009). Preferably, a modified antibody obtained by
affinity improvement or affinity maturation as described herein will exhibit 2-fold, 5-fold, 10-fold, 100-fold, 200-fold, 300-
fold, 400-fold, 500-fold, 600-fold, 700-fold, 800-fold, 900-fold, 1000-fold, 2000-fold, 3000-fold, 4000-fold, 5000-fold,
10000-fold or more improved activity for the target antigen compared to a starting antibody. For example, Kaneko and
Zurini review optimizing therapeutic antibodies.

[0044] In some cases, an immunoglobulin of the invention specifically targets a CLPTM1L polypeptide having one or
more mutations. Frameshift and missense mutations of CLPTM1L polypeptides that may be targeted may include, but
are not limited to, those set forth in Table 2. The amino acid residue positions are numbered relative to the amino acid
sequence of human CLPTM1L set forth as SEQ ID NO:2. Nucleotide positions for coding sequence mutations are
numbered relative to the nucleotide sequence of human CLPTM1L set forth as SEQ ID NO:1. Somatic CLPTM1L
mutations have been found in tumors of the autonomic ganglia, breast, central nervous system, endometrium, kidney,
large intestine, liver, lung, ovary, prostate, skin, stomach, and upper respiratory tract. Each of the known CLPTM1L
mutations is rare (<3% of tumors tested), and the functional effects of these mutations are unknown.

Table 2. Known Frameshift and Missense Mutations in Human Tumors.

Position CDS Mutation AA Mutation Type

206 c.616delA p.T206fs*17 Deletion - Frameshift

61 c.181A>G p.T61A Substitution - Missense
72 c.214G>A p.D72N Substitution - Missense
74 c.221T>C p.V74A Substitution - Missense
105 c.313T>C p.Y105H Substitution - Missense
108 c.323T>A p.1108N Substitution - Missense
110 c.329T>C p.L110P Substitution - Missense
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(continued)
Position CDS Mutation AA Mutation Type

113 c.338C>A p.A113D Substitution - Missense
132 c.394A>G p.T132A Substitution - Missense
151 c.452A>C p.Q151 P Substitution - Missense
159 c.476C>T p.P159L Substitution - Missense
175 c.524C>T p.A175V Substitution - Missense
196 c.586C>T p.R196W Substitution - Missense
196 c.587G>A p.R196Q Substitution - Missense
216 Cc.646G>A p.D216N Substitution - Missense
221 c.661C>T p.R221C Substitution - Missense
250 Cc.749G>A p.R250H Substitution - Missense
266 c.796G>A p.G266R Substitution - Missense
313 c.939G>T p.K313N Substitution - Missense
319 c.957C>G p.1319M Substitution - Missense
320 c.959G>A p.G320D Substitution - Missense
322 c.965C>T p.S322F Substitution - Missense
353 c.1058C>T p.A353V Substitution - Missense
377 c.1128 1129CC>AA p.L377M Substitution - Missense
390 c.1168G>A p.E390K Substitution - Missense
396 c.1187A>G p.Y396C Substitution - Missense
400 c.1198G>T p.A400S Substitution - Missense
405 c.1214C>T p.S405L Substitution - Missense
430 c.1289C>A p.S430Y Substitution - Missense
431 c.1291T7>C p.W431R Substitution - Missense
465 c.1394C>T p.P465L Substitution - Missense
490 c.1469C>T p.T490M Substitution - Missense
493 c.1477C>T p.R493W Substitution - Missense
498 c.1493G>A p.R498Q Substitution - Missense
500 c.1498G>A p.D500N Substitution - Missense
517 c.1550A>G p.K517R Substitution - Missense
529 c.1587G>C p.E529D Substitution - Missense
532 c.1595C>T p.T532M Substitution - Missense
533 c.1597C>T p.R533W Substitution - Missense
538 c.1612G>A p.D538N Substitution - Missense
* CDS=coding sequence

[0045] In another aspect, described herein is a nanoparticle conjugated to one or more CLPTM1L-specific immu-
noglobulins. Generally, antibody-conjugated nanoparticles are able bind to targets with high affinity and cross biological
barriers (e.g., blood-brain barrier (BBB)) and, therefore, are advantageous for molecular and cellular targeting. Accord-
ingly, a an antibody-conjugated nanoparticle described herein is useful for a variety of biomedical applications such as
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in vivo diagnosis, clinical therapies, targeted drug delivery, gene therapy, cell labeling/tracking, and molecular imaging.
In some cases, nanoparticles are lipid-based vehicles (e.g., liposomes, solid lipid nanoparticles, micelles); polymer
carriers, such as hydrogels, polymersomes, dendrimers, and nanofibers; metallic nanoparticles (e.g., gold, silver, tita-
nium); carbon structures (e.g., nanotubes, nanohorns, nanodiamonds (NDs), grapheme); or inorganic particles (e.g.,
silica). See, e.g., Chow and Ho, Sci Transl Med 5:216rv4 (2013); Montenegro et al., Adv. Drug Delivery Rev. 65:677-688
(2013).

[0046] In a further aspect, the present invention provides compositions comprising an immunoglobulin that targets a
CLPTM1L polypeptide and at least one pharmaceutically acceptable carrier, diluent, or excipient. As used herein, the
phrase "pharmaceutically acceptable" refers to those agents, compounds, materials, compositions, and/or dosage forms
which are, within the scope of sound medical judgment, suitable for use in contact with the tissues of humans and animals
without excessive toxicity, irritation, allergic response, or other problems or complications, commensurate with a rea-
sonable benefit/risk ratio.

[0047] In another aspect, compositions described herein include peptides comprised of part of the CLPTM1L amino
acid sequence. For example, described herein is a peptide having the amino acid sequence of SEQ ID NO:4, 5, 6, 7,
8,9,10,11,12,13,14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 (see Table 1). Additional CLPTM1L peptides include
peptides selected according to the above-defined epitope properties. Peptides may represent 8-22 amino acid length
portions of SEQ ID NO. 2. In some cases, a CLPTM1L peptide may be embodied as a therapeutic agent. For example,
a CLPTM1L peptide can be embodied in a peptide vaccine, a ligand blocking peptide, or a competitive inhibitory peptide.
Such agents are expected to be useful therapeutic agents for treating or preventing lung cancer. Peptide vaccines are
particularly amenable to prophylactic approaches. It is further expected that a CLPTM1L epitope, a CLPTM1L immu-
noglobulin, or any other CLPTM1L-targeting therapeutic agent will be useful in the treatment or prevention of many
cancer types including, without limitation, lung, cervical, myeloblastic leukemia, pancreatic, bladder, glioma, prostate,
basal cell carcinoma, and melanoma.

[0048] Insome cases, a composition described herein is an aptamer having specificity fora CLPTM1L target molecule.
As used herein, the term "aptamer" refers to a structured oligonucleotide-based or peptide-based molecule having high
affinity and specificity for a specific target molecule (e.g., proteins, phospholipids, iron channels, nucleic acids, whole
cells) due to unique structural features that restrict the aptamer to particular conformations. Oligonucleotide aptamers
such as ribonucleic acid (RNA) and single-strand deoxyribonucleic acid (ssDNA) aptamers. Peptide aptamers are com-
binatorial protein molecules that comprise a short peptide region attached at both ends to a protein scaffold. Methods
for designing and identifying therapeutic aptamers having high affinity and specificity for a CLPTM1L target molecule
are known in the art. See, e.g., Rohloff et al., Molecular Therapy Nucleic Acids 3:e201 (2014); Zhu et al., Theranostics
4(9):931-944 (2014); Ellington and Szostak, Nature 346:818-822 (1990).

[0049] Compositions provided herein can comprise at least one pharmaceutically acceptable diluent, excipient, or
carrier. As used herein, "pharmaceutically acceptable carrier" refers to any and all solvents, dispersion media, coatings,
surfactants, antioxidants, preservatives (e.g., antibacterial agents, antifungal agents), isotonic agents, absorption de-
laying agents, salts, preservatives, drugs, drug stabilizers, gels, binders, excipients, disintegration agents, lubricants,
sweetening agents, flavoring agents, dyes, such like materials and combinations thereof, as would be known to one of
ordinary skill in the art (see, for example, Remington’s Pharmaceutical Sciences, 18th Ed. Mack Printing Company,
1990, pp. 1289-1329). Except insofar as any conventional carrier is incompatible with the active ingredient, its use in
the therapeutic or pharmaceutical compositions is contemplated.

[0050] Regardless of the route of administration selected, therapeutic agents of the present invention, which may be
used in a suitable hydrated form, and/or the pharmaceutical compositions of the present invention, can be formulated
into pharmaceutically acceptable dosage forms by conventional methods known to those of skill in the art.

[0051] In certain embodiments, a pharmaceutical composition provided herein comprises one or more CLPTM1L-
targeting agents, a chemotherapeutic agent, and a pharmaceutically acceptable carrier. Chemotherapeutic agents in-
clude, withoutlimitation, platinum-based agents, such as cisplatin, gemcitabine, and carboplatin; nitrogen mustard alkylat-
ing agents; nitrosourea alkylating agents, such as carmustine (BCNU) and other alkylating agents; antimetabolites, such
as methotrexate; purine analog antimetabolites; pyrimidine analog antimetabolites, such as fluorouracil (5-FU) and
gemcitabine; hormonal antineoplastics, such as goserelin, leuprolide, and tamoxifen; natural antineoplastics, such as
taxanes (e.g., docetaxel and paclitaxel), aldesleukin, interleukin-2, etoposide (VP-16), interferon .alpha., and tretinoin
(ATRA); antibiotic natural antineoplastics, such as bleomycin, dactinomycin, daunorubicin, doxorubicin, and mitomycin;
and vinca alkaloid natural antineoplastics, such as vinblastine and vincristine.

[0052] In other embodiments, compositions of the invention provided herein can additionally comprise one or more
other biologically active substances including, without limitation, therapeutic drugs or pro-drugs such as chemotherapeutic
agents other than those identified above, scavenger compounds, antibiotics, antiviral agents, antifungal agents, anti-
inflammatory agents, vasoconstrictors and anticoagulants, antigens useful for cancer vaccine applications or corre-
sponding pro-drugs.
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Methods of Using Compositions of the Invention

[0053] In one aspect, described herein are methods of treating or preventing a disease or condition in a subject by
inhibiting CLPTM1L. For example, described herein are methods comprising administering to a subject in need thereof
an immunoglobulin or a composition comprising an immunoglobulin that targets and specifically binds to CLPTM1L. As
used herein, the term "subject" refers to an individual having, suspected of having, or susceptible to having a disease
or condition associated with CLPTM1L protein dysfunction (e.g., pathogenic production, modification, or function) or for
which there is a genetic association with CLPTM1L (e.g., a disease or condition associated with a gain in CLPTM1L
locus copy number or a genotype for susceptibility to the disease or disorder). By "subject" or "individual" or "animal" or
"patient” or "mammal," is meant any subject, particularly a mammalian subject, for whom diagnosis, prognosis, or therapy
is desired. Mammalian subjects include humans, domestic animals, farm animals, and zoo, sport, or pet animals such
as dogs, cats, guinea pigs, rabbits, rats, mice, horses, cattle, cows, and so on.

[0054] As used herein, the terms "treating," "treat," and "treatment" refer to the management and care of a patient for
the purpose of combating the disease, condition, or disorder. The terms embrace both preventative, i.e., prophylactic,
and palliative treatments. In some cases, the term "treated" refers to any beneficial effect on progression of a disease
or condition. Beneficial effects can include reversing, alleviating, inhibiting the progress of, preventing, or reducing the
likelihood of the disease or condition to which the term applies or one or more symptoms or manifestations of such a
disease or condition. Where the disease or condition is a tumor, cancer, or cancer-associated condition, treating can
refer to the management and care of a patient for the purpose of combating cancer, and can include reversing, alleviating,
inhibiting the progress of, preventing, reducing the size of, or reducing the likelihood of, or lessening the severity of any
aspect of the cancer or cancer-associated condition (e.g., metastasis, tumor growth). A therapeutic beneficial effect on
the health and well-being of a patient includes, but it not limited to: (1) curing the cancer; (2) slowing the progress of the
cancer; (3) causing the tumor to regress; or (4) alleviating one or more symptoms of the cancer. As used herein, the
terms "preventing" and "prevent" refer not only to a complete prevention of a certain disease or condition, but also to
partially or substantially attenuating, reducing the risk of, or delaying the development or recurrence of the disease or
condition to which the term applies.

[0055] In some cases the methods described herein are directed to treating or preventing a tumor cancer in a subject
by administering a composition provided herein. In an exemplary aspect, the method treats or prevent a solid tumor in
the subject receiving administration of a composition comprising a CLPTM1L-targeting agent to a subject in need thereof.
As used herein, the term "cancer" includes, without limitation, solid tumors and blood-borne tumors (e.g., leukemias).
The term cancer includes, without limitation, diseases of the skin, tissues, organs, bone, cartilage, blood, and vessels.
The term further encompasses both primary and metastatic cancers. In some cases, therefore, methods of treating or
preventing cancer as described herein include methods of inhibiting, retarding, or preventing growth of a tumor or tumor
cells. A subject in need thereof may include, for example, a subject who has been diagnosed with a tumor, including a
pre-cancerous tumor, a cancer (e.g., a non-small cell lung cancer), or a subject who has been treated, including subjects
that have been refractory to previous treatment.

[0056] In some cases, solid tumors are considered to be a "refractory” or "resistant" solid tumor, meaning that the
solid tumor does not respond to treatment. The tumor may be resistant at the outset of treatment or it may develop
resistance during treatment. While any and all tumors that are susceptible to treatment and/or prophylactic administration
of a CLPTM1L-targeting agent described herein are of course within the scope of this disclosure, it is anticipated that
the compositions and methods provided herein will be particularly useful in the treatment of refractory tumors.

[0057] The methods described herein are appropriate for treating or preventing any type of disease or condition
associated with CLPTM1L protein dysfunction (e.g., pathogenic production, modification, or function) or any disease or
condition for which there is a genetic association with CLPTM1L (e.g., a disease or condition associated with a gain in
CLPTM1L locus copy number or a genotype for susceptibility to the disease or disorder). In an exemplary aspect, a
method described herein is for the treatment or prevention of a cancer, a tumor (e.g., a solid tumor), or a pre-neoplastic
lesion (e.g., pre-cancerous lesion). Examples of cancers appropriate for methods of treating or preventing as described
herein include, without limitation, lung cancer, pancreatic cancer, prostate cancer, skin cancer, bladder cancer, kidney
cancer, ovarian cancer, colon cancer, colorectal cancer, breast cancer, cervical cancer, brain cancer, esophageal cancer,
and stomach cancer. Solid tumors can be associated with cancers and pre-neoplastic lesions of the lung, pancreas,
prostate, breast, kidney, and other sarcomas, carcinomas, and glioblastomas. Other diseases or conditions appropriate
for methods of treating or preventing as described herein include, without limitation, lymphomas, chronic leukemia, and
acute leukemia.

[0058] In some cases, a method described herein can be practiced to treat or prevent a disease or condition in a
subject, where the disease or condition exhibits chemotherapeutic drug resistance. For example, a subject can be
diagnosed or identified as having a disease or condition such as cancer that exhibits resistance to a chemotherapeutic
agent such as cisplatin or gemcitabine. CLPTM1L has been found to be highly expressed in cisplatin resistant ovarian
tumor cell lines. Moreover, CLPTM1L appears to be anti-apoptotic under genotoxic conditions. Examples of cancers for
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which treatment involves administering cisplatin include lung cancer, colorectal cancer, non-small cell lung cancer
(NSCLC), bronchioloalviolar cell lung cancer, bone cancer, pancreatic cancer, skin cancer, cancer of the head or neck,
cutaneous melanoma, intraocular melanoma, uterine cancer, ovarian cancer, rectal cancer, anal region cancer, stomach
cancer, gastric cancer, colon cancer, breast cancer, uterine cancer, fallopian tube carcinoma, endometrial carcinoma,
cervical carcinoma, Hodgkin’s Disease, esophagus cancer, small intestine cancer, endocrine system cancer, thyroid
gland cancer, parathyroid gland cancer, adrenal gland cancer, soft tissue sarcoma, prostate cancer, bladder cancer,
kidney cancer, renal cell carcinoma, renal pelvis carcinoma, mesothelioma, hepatocellular cancer, biliary cancer, chronic
leukemia, acute leukemia, lymphocytic lymphoma, CNS neoplasm, spinal axis cancer, brain stem glioma, glioblastoma
multiforme, astrocytoma, schwannoma, ependymoma, medulloblastoma, meningioma, squamous cell carcinoma and
pituitary adenoma tumors or tumor metastases.

[0059] In some cases, a method described herein can be practiced to treat or prevent a cancer associated with a
mutation, translocation, amplification, or deletion of at least a portion of at least one of the following: K-Ras, H-Ras, N-
Ras, RASSFI, PI3KCA, PTEN, EGFR, FGFR1, PDGFRA, BRAF, AKL, ROS1, BCL-x, BIM, BAD, BAX, AKT, and mTOR.
In an exemplary embodiment, a method described herein can be practiced to treat or prevent a cancer for which at least
one of these genes suspected of being or demonstrated to be regulated by CLPTM1L.

[0060] In some cases, a method described herein can be practiced to treat or prevent a cancer previously or currently
being subjected to radiation therapy. As used herein, the term "radiation therapy" refers to any manner of treatment of
solid tumors and cancers with ionizing radiation and includes, without limitation, external beam radiotherapy, stereotatic
radiotherapy, virtual simulation, 3-dimensional conformal radiotherapy, intensity-modulated radiotherapy, ionizing par-
ticle therapy, and radioisotope therapy.

[0061] In other cases, a method described herein can be practiced to treat or prevent a cancer previously or currently
being subjected to chemotherapy using a chemotherapeutic agent such as, for example, an alkylating agent, a cross-
linking agent, an anti-metabolite, an antibiotic, a topoisomerase inhibitor, or a mitotic inhibitor. As used herein, the term
"chemotherapeutic agent" refers to any substance that, when administered in a therapeutically effective amount to a
patient suffering from a tumor or cancer, has a therapeutic beneficial effect on the health and well-being of the patient.
Atherapeutic beneficial effect on the health and well-being of a patient includes, but it not limited to: (1) curing the cancer;
(2) slowing the progress of the cancer; (3) causing the tumor to regress; or (4) alleviating one or more symptoms of the
cancer. As used herein, a chemotherapeutic agent also includes any substance that, when administered in a prophylactic
amount to a patient afflicted with a solid tumor or who has been rendered substantially free of cancer as the result of
one or more therapeutic treatment regimes, has a beneficial effect on the health and well-being of the patient.

[0062] The method also can be practiced to treat or prevent a cancer if use of such a therapeutic agent is anticipated.
For example, methods described herein are useful to treat or prevent a cancer for which targeting CLPTM1L sensitizes
the cancer cells to DNA damage-induced apoptosis. As used herein, the terms "sensitize" and "sensitized" refers to cells
made more responsive to an agent, a treatment, an environment, a stimulus, or a condition. For example, a "sensitized"
cell can exhibit an increase in the magnitude of said response or an increase in any type of response. In an exemplary
aspect, cancer cells exhibit increased apoptosis when sensitized to DNA damage by targeting CLPTM1L according to
a method described herein.

[0063] In some cases, a method described herein can be practiced to treat or prevent a cancer suspected of being or
demonstrated to be refractory to one or more chemotherapeutics such as, for example, an alkylating agent, a cross-
linking agent, an anti-metabolite, an antibiotic, a topoisomerase inhibitor, or a mitotic inhibitor. For example, a method
described herein can be appropriate to treat or prevent a cancer for which targeting CLPTM1L using an immunoglobulin
sensitizes the cancer cells to cytotoxic treatment with a cross-linking agent and a topoisomerase inhibitor.

[0064] In exemplary aspects, a method of treating or preventing cancer as described herein comprises administering
to a subject in need thereof two or more CLPTM1L-specific immunoglobulins. The two or more CLPTM1L-specific
immunoglobulins can be administered simultaneously or sequentially. For example, the method can comprise adminis-
tering two or more CLPTM1L-specific immunoglobulins, where the immunoglobulins are selected for capacity to increase
sensitivity of CLPTM1L-expressing tumor cells to a chemotherapeutic agent (e.g., cisplatin, gemcitabine) and/or for an
enhanced capacity for cytotoxicity toward CLPTM1L-expressing tumor cells. The combination can comprise antibodies
having specificity to different polypeptides or to different epitopes on the same polypeptide. Such combination therapies
have been shown to improve tumor responses and reverse resistance of tumor cells to a single agent. See, e.g., Weiner
et al., Nature Rev. Immunol. 10:317-327 (2010).

[0065] In another aspect, described herein is a method of treating or preventing cancer in a subject, where the method
comprises administering an immunoconjugate. As described herein, immunoconjugates are effective cytotoxic and anti-
cancer therapeutic agents.

[0066] In afurther aspect, described herein is a method of treating or preventing cancer in a subject, where the method
comprises administering activated T cells to a subject in need thereof. Such activated T cell therapy methods generally
comprise ex-vivo activation and expansion of T cells. See, for review, Slaney et al., Cancer Res. 74:7168-7174 (2014).
In some cases, T cells are obtained from a subject, then purified, expanded, and activated ex vivo. Activation comprises
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culturing purified and expanded T cells in the presence of a cancer cell-specific or tumor specific antigen (e.g., a mon-
oclonal antibody provided herein). The resulting activated T cells are provided back to the subject. T cells activated in
this manner have enhanced immunostimulatory capabilities. In exemplary embodiments, T cells obtained from a subject
in need of treatment according to a method provided herein are cultured in the presence of one or more CLPTM1L-
specific monoclonal antibodies (e.g., mAbs 6-1, 10-2, and 10-3).

[0067] Methods of treating or preventing cancer as described herein can be practiced at any appropriate time. In some
cases, a composition comprising a CLPTM1L-targeting agent as provided herein is administered to a subject following
diagnosis of a cancer or a pre-neoplastic lesion (e.g., pre-cancerous lesion) in, for example, a biological sample from
the subject. In other cases, a composition comprising a CLPTM1L-targeting agent as provided herein is administered
to a subject following identification of copy number gain or expression of CLPTM1L in a biological sample from the
subject, where the level of expression is above a threshold that is empirically determined to constitute cancer risk.
[0068] Determination of such athreshold includes analysis of current and future data correlating CLPTM1L expression
in normal tissue with incidence of a cancer. With respect to lung tissue, a threshold that is empirically determined to
constitute cancer risk can be at least 2-fold greater average expression for one or more test lung tissue samples relative
to the average expression in a healthy sample taken from surrounding tissue. In some cases, treatment may be indicated
if it is determined that expression of CLPTM1L is higher in a test sample (e.g., tissue suspected of comprising cancer
cells) compared to tissue surrounding the sampled tissue. In other cases, treatment may be indicated if it is determined
that an increased amount of CLPTM1L is present on a tumor cell surface. Such an increased level of CLPTM1L can be
detected by, for example, flow cytometry in circulating tumor cells or in solid tumors. A composition comprising a
CLPTM1L-targeting agent as provided herein can be administered to a subject upon identification of one or more indicators
or risk factors for the development of cancer or following identification of a genotype associated with a cancer in a
biological sample from the subject. To prevent or slow tumor formation, a composition comprising a CLPTM1L-targeting
agent as provided herein is administered to a subject prior to or in the absence of a cancer or pre-neoplastic lesion. In
such cases, the composition is administered as a preventative agent.

[0069] Treatment or prevention according to a method described herein can occur before, during, or after the subject
is treated by surgery, radiation, and/or chemotherapy. In some cases, treatment according to a method provided herein
prior to chemo- or radiotherapy may improve the outcome of the conventional therapy. In an exemplary aspect, a
composition comprising a CLPTM1L-targeting agent as provided herein is administered to a subject concurrently with
one or more other treatments or preventative measures such as radiotherapy, chemotherapy, or surgery.

[0070] A composition comprising a CLPTM1L-targeting agent as provided herein is administered to a subject by any
method that achieves the intended purpose or is deemed appropriate by those of skill in the art. Forexample, a composition
of the present invention can be administered as a pharmaceutical, and may be administered systemically or locally via
oral or parenteral administration. As used herein, the term "administration" includes oral and parenteral administration.
Oral administration includes, for example, administration of oral agents. Such oral agents include, for example, granules,
powders, tablets, capsules, solutions, emulsions, and suspensions. Parenteral administration includes, for example,
administration of injections. Such injections include, for example, subcutaneous injections, intramuscular injections, and
intraperitoneal injection. In some cases, intravenous injections such as drip infusions, intramuscular injections, intraperi-
toneal injections, subcutaneous injections, suppositories, enemas, oral enteric tablets, or the like can be selected.
[0071] Appropriate modes of administration can be determined based on the physical location of a tumor or tumors
in the subject’s body. In exemplary aspects, a composition comprising a CLPTM1L-targeting agent as provided herein
is administered to a subject having a diagnosis of lung cancer or a pre-cancerous lesion, where the composition is
administered orally or intravenously. Alternatively, a composition comprising a CLPTM1L-targeting agent can be admin-
istered locally to an intended area of treatment. For example, a composition comprising a CLPTM1L-targeting agent
can be administered by local injection during surgery.

[0072] Compositions can be administered to a subject in need thereof in dosage unit form where each discrete dosage
unit contains a predetermined quantity of an active ingredient or compound that was calculated to elicit a desirable
therapeutic effect when administered with, in some cases, a pharmaceutically acceptable carrier.

[0073] Atherapeutically effective dose relates to the amount of acompound which is sufficient to improve the symptoms,
for example a treatment, healing, prevention or improvement of such conditions. In exemplary aspects, a therapeutically
effective amount or dose is an amount such that free antibody is present in the blood. For dosage determinations, it can
be advantageous to assess toxicity and therapeutic efficacy of a compound in cell cultures or in experimental animals.
For example, the LDg (i.e., the dose lethal to 50% of the population) and EDgj (i.e., the dose therapeutically effective
in 50% of the population) can be determined. From these calculations, dosage ranges for use in humans can be formu-
lated. Dosage ranges can vary depending on factors such as mode of administration. A therapeutically effective amount
of a pharmaceutical composition provided herein can range from about 0.001 to 100 mg of antibody per kg body weight
of the subject (e.g., about 0.01 to 100 mg/kg body weight; about 0.1 to 40 mg/kg body weight; about 1 to 20 mg/kg body
weight).

[0074] In some cases, an appropriate dose for a monoclonal antibody can be from 0.005 mg/kg up to a maximum
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tolerated dose. In some cases, an appropriate dose of a pharmaceutical composition as provided herein can be deter-
mined according to body surface area of a subject, calculated using the subject’s height and weight, to whom the
composition will be administered. In such cases, a dose can be provided as a particular amount of the composition per
m2 (e.g., mg/m2). In some cases, an appropriate dose can be between approximately 10 mg/m2 and approximately 40
mg/m2 of a monoclonal antibody. When converted to milligrams (mg) per kilogram (kg) of a subject’s body weight, a
dose of 15 mg/m2 is the same as about 0.4 mg/kg. See Freireich et al., Cancer Chemotherapy Rep. 50(4):219-244
(1966). Additional information about dosage calculation can be found in Center for Drug Evaluation and Research,
Center for Biologics Evaluation and Research (2002), Estimating the safe starting dose in clinical trials for therapeutics
in adult healthy volunteers, U.S. Food and Drug Administration, Rockville, Maryland, USA.

[0075] It will be understood that mass of pharmaceutical composition comprising a monoclonal antibody as provided
herein can refer to mass of the antibody plus a delivery agent or pharmaceutically acceptable carrier, if applicable. In
some cases, dosages and dosage ranges appropriate for a composition provided herein can be determined using
pharmacokinetic data (i.e., drug metabolism and clearance). As used herein, "pharmacokinetics" refers to the process
by which a drug or pharmaceutical composition is absorbed, distributed, metabolized, and excreted from the body.
[0076] Clinicians, physicians, and other health care professionals can administer a composition to a subject in need
thereof according to a method described herein by a physician or other health professional. In some cases, a single
administration of the composition may be sufficient. In other cases, more than one administration of the composition is
performed at various intervals (e.g., once per week, twice per week, daily, monthly) or according to any other appropriate
treatment regimen. The duration of treatment can be a single dose or periodic multiple doses for as long as administration
of a composition provided herein is tolerated by the subject.

[0077] Any appropriate method can be practiced to determine, detect, or monitor a subject’s response to treatment
according to a method described herein. As used herein, "determining a subject’s response to treatment" refers to the
assessment of the results of a therapy in a subject in response to administration of a composition provided herein or to
treatment according to a method described herein. For example, a subject’s condition can be monitored continuously
or evaluated at appropriate time intervals (e.g., at regular or irregular time points) to detect and/or monitor any changes
in disease progression (e.g., change in tumor size) as an indicator of the subject’s response to a composition comprising
an RNAi-inducing construct targeted to CLPTM1L. In some cases, tumors can be measured to detect or monitor any
change in, for example, tumor size or tumor growth rate (e.g., tumor expansion or shrinkage, inhibited or accelerated
tumor growth rate). For example, detection methods such as computed tomography (CT), magnetic resonance imaging
(MRI) scanning, and x-ray (e.g., chest x-ray) can be used. In some cases, ultrasound examinations can be used to detect
and measure tumor regression or to detect progression of lesions. In other cases, evaluation of a tumor or pre-neoplastic
lesion can involve cytology or histology of, for example, biopsy samples. For solid tumors, evaluation of a subject’s
response to treatment as described herein can include assessing RECIST ("Response Evaluation Criteria in Solid
Tumors"). RECIST criteria can be used to evaluate a subject’s response to the therapy used to treat their disease or
condition. See, for review, Therasse et al., J. Natl. Cancer Inst. 92:205-16, 2000.

[0078] In some cases, biomarkers (e.g., mMRNA, protein) can be used to detect or monitor the efficacy of a treatment
or prevention method described herein. In an exemplary aspect, use of a biomarker can comprises a) administering a
composition provided herein; b) determining the levels of a biomarker according to the present invention in one or more
biological samples taken from the subject at different time points (before, during and/or after administration); and c)
comparing the determinations made for the biological samples obtained during a particular phase of treatment and
comparing them to controls or to levels determined for the subject’'s samples obtained at different phases of treatment.
For bone and blood tumors, evaluation using biomarkers can include detecting or monitoring expression levels for one
or more tumor markers and assessing hematologic indicators including, for example, mean platelet volume, platelet
counts, leukocyte counts, and hemoglobin level. Other indicators or "efficacy markers" of a positive outcome following
administration of a composition comprising a CLPTM1L-specific agent according to a method described herein can
include (1) reduced CLPTM1L transcript and/or protein levels in tumors or target tissues and (2) reduced phosphorylated
Akt or Bcl-xL protein levels in tumors or target tissues. These efficacy markers can be determined by biopsy, aspirate,
or lavage followed by, in an exemplary aspect, an appropriate diagnostic test such as PCR, Western blotting, immuno-
histochemistry using specific antibodies. A positive result for any of the outcome criteria or evaluation methods described
herein is indicative of the method’s efficacy for treating or preventing the subject’s disease or condition.

[0079] Indicators of a positive response to administration of a composition comprising a CLPTM1L-targeting agent
according to a method described herein can include, for example, a significant decrease in CLPTM1L transcript and/or
CLPTM1L protein levels in tumors or target tissues relative to pre-treatment levels or to untreated samples (e.g., ex-
pression reduced to approximately 60%-80% of expression in a control sample). In some cases, an indicator of a positive
response to administration of a composition comprising a CLPTM1L-targeting agent can be significantly reduced levels
of phosphorylated Akt and/or Bcl-xL proteins in tumors or target tissues relative to pre-treatment levels or to untreated
samples or a significant increase in apoptosis in tumors or target tissues relative to pre-treatment levels or to untreated
samples. According to RECIST criteria, a partial response to treatment can be indicated by at least a 30% decrease in
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the sum of the longest diameter of a target lesions, taking as reference the baseline sum longest diameter, and a complete
or substantially complete response to treatment can be indicated by the complete or nearly complete disappearance of
all target lesions relative to measurements obtained for the subject prior to treatment (i.e., baseline measurement) or
relative to a control or a comparative decrease in disease progression. In some cases, response to treatment is evaluated
relative to one or more subjects who were not administered a composition described herein. Other parameters for
evaluating a subject’s response to treatment according to a method described herein include detecting a comparative
decrease in metastatic growth; detecting any improvement in RECIST criteria for solid tumors; documenting short-term
orlong-term survival; documenting disease-free survival; detecting increased or decreased expression of tumor markers;
detecting hematologic changes for blood and bone cancers; detecting or monitoring positive or negative responses to
radiotherapy and/or chemotherapy; and detecting an increase or decrease in recurrence of the treated disease or
condition. In some cases, a subject treated according to a method described herein may exhibit signs of stable disease,
where there is neither sufficient shrinkage to qualify for partial response nor sufficient increase to qualify for progressive
disease, taking as reference the smallest sum longest diameter since the treatment started (Therasse et al., supra).
[0080] The determination of the response of a subject to a specific therapy can be determined using any assessment
criterion used in oncology and known by persons skilled in the art. Assessment parameters useful for describing pro-
gression of a disease include: disease-free progression which, as used herein, describes the ratio of subjects in complete
remission who have not had disease relapse during the time period under study; objective response, which, describes
the ratio of subjects treated in whom a complete or partial response is observed; tumor control, which, relates to the
ratio of people treated in whom a complete response, partial response, minor response or stable disease =6 months is
observed; progression-free survival which, as used herein, is defined as the time from the beginning of the treatment
until the first measurement of cancer growth. In a preferred aspect, the response of a subject is determined by means
of a parameter selected from time to progression and survival. In an exemplary aspect, a subject’s response to a treatment
or preventative method described herein should be statistically significant. The determination of whether a response is
statistically significant can be carried out using statistical evaluation tools such as confidence intervals, determination
of the p value, Student’s t-test, Mann-Whitney test, etc. Preferred confidence intervals are at least 50%, at least 60%,
at least 70%, at least 80%, at least 90%, at least 95%. Preferably, p values are 0.2, 0.1, or 0.05.

[0081] While the subject is being treated, the health of the subject may be monitored by measuring one or more of
the relevant indices at predetermined times during a 24-hour period. All aspects of the treatment, including supplements,
amounts, times of administration and formulation, can be optimized based on the results of such monitoring. A patient
can be periodically reevaluated to determine the extent ofimprovement by measuring the same parameters. For example,
a first such reevaluation can occur at the end of an appropriate length of time (e.g., about 2 weeks, about 4 weeks, about
8 weeks, or more) following the onset of therapy, and subsequent reevaluations can occur at appropriate intervals (e.g.,
every four to eight weeks during therapy and then every 3, 6, 9, or more months) thereafter.

[0082] The articles "a" and "an" are used herein to refer to one or to more than one (i.e., to at least one) of the
grammatical object of the article. By way of example, "an antibody" means one antibody or more than one antibody. As
such, the terms "a" (or "an"), "one or more," and "at least one" are used interchangeably herein.

[0083] While the present invention is susceptible to various modifications and alternative forms, specific embodiments
thereof have been shown by way of example in the drawings and are herein described in detail.

[0084] The invention will be more fully understood upon consideration of the following nonlimiting Examples.

EXAMPLES

Example 1 - Structural Analysis of CLPTM1L

[0085] We generated a basic structural model of CLPTM1L that includes six transmembrane domains, extracellular
globular domains (ECR1 and ECR?2), the disordered region, and N-glycosylated cell-surface peptides identified by mass
spectrometry (FIG. 2A). There is a putative alternatively spliced isoform of CLPTM1L lacking ECR1 and exons 1, 2, and
9 (FIG. 2B). Glycosylated (N-linked) amino acid residues are predicted at positions 91, 101, and 229 of the human
CLPTM1L protein sequence (SEQ ID NO:2). Mass spectrometry evidence of glycosylation has been reported for amino
acid residue 91 of human CLPTM1L (data not shown) and for residue 229 (Chen et al., J Proteome Res. 2009;8:651-61).
For a plasma membrane protein, this is highly indicative of extracellular orientation of the glycosylated region. It is
predicted that this extracellular region comprises two separate globular domains separated by a small disordered region
(amino acid residues 142-162) within the larger extracellular region (FIG. 1).

[0086] Although our analysis of CLPTM1L suggested the possibility of plasma membrane localization and cell surface
exposure, subcellular localization of CLPTM1L had not been well studied and plasma membrane localization was not
previously reported. One study suggested that CLPTM1L may be localized to mitochondria. See Ni et al., PLoS One
7:€52598, 2012. The potential for CLPTM1L exposure at the surface of tumor cells has significant relevance to the ability
to target this protein with exogenous agents.
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[0087] Since monoclonal antibodies are definable, consistent, reproducible, and capable of being manipulated, we
contracted the production of a panel of monoclonal antibodies targeting the human CLPTM1L protein. Design of peptide
epitopes against which to raise monoclonal antibodies took several factors into consideration. We designed the epitopes
to reside within the cell surface exposed globular domains of CLPTM1L (residues 32-284, avoiding glycosylation sites
(91,101, 229), avoiding the disordered region (141-162), and prioritizing amino acid residues scoring highly on the basis
of hydrophilicity, folding potential, and antigen presentation. Eight epitopes, each 11 amino acids in length, were selected
for monoclonal antibody production (FIG. 3; see also shaded boxes of Table 1). While polyclonal antibodies may be
generated against peptides of 8-22 amino acids, epitopes of 9-11 amino acids are typically chosen for specific monoclonal
antibody production. Other potential epitopes selected bases on similar parameters are presented in the unshaded
boxes of Table 1.

[0088] To confirm the localization of CLPTM1L at the surface of tumor cells, we isolated cell-surface proteins from
A549 human lung tumor cells by biotinylation and extraction with a streptavidin resin. Western analysis of whole cell
and cell-surface lysates demonstrated a prevalence of CLPTM1L at the cell-surface (FIG. 4A). EGFR, used as a cell-
surface localized control, was detected at the cell-surface at a lesser intensity than CLPTM1L relative to whole cell lysate
signal. Cyclin D1, used as a nuclear protein control, was not detected at the cell surface. Immunofluorescence staining
of non-permeabilized A549 cells for CLPTM1L revealed a punctate cell-surface staining pattern (FIG. 4B).

[0089] Our panel of monoclonal antibodies targeting the extracellular globular domains of CLPTM1L was tested for
detection of CLPTM1L and immunofluorescent labeling of surface CLPTM1L. All antibodies strongly detected the 62-
kilodalton CLPTM1L protein by western blot (FIG. 4C; some data not shown). All antibodies resulted in a cell-surface
staining pattern when used for immunofluorescence on non-permeabilized A549 cells, with antibodies targeting ECR2
exhibiting a more distinct punctate staining (FIG. 4D; some data not shown).

Example 2 - In Vitro Analysis of CLPTM1L Monoclonal Antibodies

[0090] Todetermineif CLPTM1L expressionwas associated with K-Ras driven pancreatic cancer treated with adjuvant
therapy, we utilized available pancreatic tissue microarrays on 31 patients using matched survival data. Staining intensity
of tumors that were subjected CLPTM1L immunohistochemistry (IHC) were scored by three pathologists and the scores
averaged. Staining was uniformly negative in normal ductal epithelia, while positive in 94% (29/31) of tumor cells (r=0.78,
p<5x10-10) (FIG. 5A). Tumors were scored as negative (0), weak (+1), moderate (+2) or strong (+3). Independent scores
were averaged. Tumors had an average score of 1.46 while that of normal ductal epithelial was 0 (p<0.05). Tumors
expressing low levels of CLPTM1L as defined by an average score of 1.15 or less were associated with increased
survival, while patients with higher expression had shorter survival times. Patients exhibiting low CLPTM1L expression
in tumor tissues had a median survival of 24 months, while patients with medium and high CLPTM1L expression in
tumor tissues had a median survival of 11 and 14 months respectively (FIG. 5B). Representative tissues stained with
CLPTM1L antibody are shown in FIG. 5C.

[0091] We previously demonstrated that targeting CLPTM1L in tumor cells modulates Bcl-xL and Akt survival signaling
and sensitizes cells to killing with cisplatin. Polyclonal antibody raised against amino acid residues 18-307 of human
CLPTM1L was applied to A549 human lung tumor cells at concentrations of 0, 1, and 5 wg/mL. After culture for 48 hours
with polyclonal antibody treatment, Western blotting was conducted for Bcl-xL, total Akt1, and phospho-Akt1. Dose
dependent decreases in the accumulation of both Bcl-xL and Akt1 with anti-CLPTM1L treatment were observed (FIG.
6A). To determine the effect of treatment with polyclonal antibody on sensitivity to cisplatin, cells were treated with
dilutions of anti-CLPTM1L from 0.01 to 1 pg/mL for 24 hours. Cells were then exposed to cisplatin at 0, 10, and 20 .M
concentrations for 48 hours. Treatment with anti-CLPTM1L resulted in a decrease in cell viability following cisplatin
treatment that was dependent on the dose of antibody (FIG. 6B). These results demonstrate sensitization to cisplatin
killing using the antibody.

[0092] Treatment with monoclonal anti-CLP (10-2) increased sensitivity of pancreatic adenocarcinoma cells to killing
by gemcitabine (500 wM for 72 hours) (FIG. 6C) and also reduced accumulation of phosphorylated Akt (FIG. 6D).
[0093] In addition, treatment of A549 and H838 human lung tumor cells with our panel of monoclonal antibodies
resulted in depletion of Bel-xL and Akt phosphorylation with a range of efficacies. Western analysis revealed that treatment
with antibodies targeting epitopes 6 and 10 resulted in dose dependent decreases in Bcl-xL and phospho-Akt1 accu-
mulation. Likewise, sensitization to cisplatin killing was accomplished by treatment of tumor cells with anti-CLPTM1L
monoclonal antibodies. Monoclonal antibody raised against epitope 10 effectively inhibited anchorage independent
growth of A549 cells. Among all monoclonal antibodies raised against the extracellular domains of CLPTM1L, only those
raised against epitope 10 were effective in inhibiting anchorage independent tumor spheroid growth of H838 cells. A
summary of these results for each antibody clone is given in FIG. 10.

[0094] As shown in FIG. 8, we also discovered that treatment with monoclonal anti-CLPTM1L antibodies inhibited
colony growth of pancreatic tumor cells. Panc1 pancreatic adenocarcinoma cells were plated at low density and treated
with anti-CLPTM1L 6-1, 10-2, or control mouse IgG (FIGS. 8A-B). The number of resulting colonies after 5 days of
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growth was inhibited by up to 47% by anti-CLPTM1L treatment.

Example 3 - Effect of CLPTM1L Monoclonal Antibodies on Human Lung Tumor Xenograft Model

[0095] Monoclonal antibodies raised against epitope 6 in ECR1 (SEQ ID NO:6) and epitope 10 in ECR2 (SEQ ID
NO:10) were evaluated in xenograft models for inhibition of the growth of established human lung tumor xenografts.
A549 cell xenografts were established and mice were separated into groups of equal average tumor size and variance.
Mice were treated intraperitoneally with 1 pL/g (estimated to be equivalent to 2-3 mg/kg of antibody) of the indicated
monoclonal antibody clone or control ascites on days 0, 5, and 12 post-separation. One group was similarly treated with
1 mg/kg polyclonal antibody. Polyclonal antibody and monoclonal clone 6-1 modestly but significantly inhibited tumor
growth over 17 days posttreatment (FIG. 9). Antibodies raised against epitope 10 (10-2 and 10-3) had a more robust
and more significant inhibitory effect on tumor growth. Monoclonal clone 10-2 inhibited tumor growth by 88% (p<0.005).
[0096] The examples and data setforth above demonstrate that anti-CLPTM1L immunoglobulins are anti-tumor agents
in vivo and in vitro. Furthermore, they describe specific epitopes expected to be efficacious in targeting the extracellular
domains of CLPTM1L.

Claims

1. A CLPTM1L-targeting agent, wherein the CLPTM1L-targeting agent is a monoclonal antibody that binds specifically
to a peptide having an amino acid sequence of SEQ ID NO:6 or SEQ ID NO:10.

2. The CLPTM1L-targeting agent of claim 1, wherein the monoclonal antibody is a chimeric antibody, human antibody,
humanized antibody, recombinant antibody, engineered antibody, conjugated antibody, or a fragment thereof.

3. The CLPTM1L-targeting agent of claim 1, wherein the monoclonal antibody is a CLPTM1L-targeted bispecific mon-
oclonal antibody.

4. The CLPTM1L-targeting agent of claim 1, wherein the monoclonal antibody is an immunoconjugate comprising a
therapeutic agent selected from a pharmacologic agent, radioisotope, and toxin; and a linker.

5. Apharmaceutical composition comprising the agent according to any of claims 1-4 and a pharmaceutically acceptable
carrier.

6. The agent of any of claims 1-4 or the pharmaceutical composition of claim 5, for use as a medicament.

7. Acompound comprisinga CLPTM1L-targeting agentfor use in amethod for treating or preventing a tumor comprising
administering to a subject in need thereof a therapeutically effective amount of said compound to a subject, wherein
the CLPTM1L-targeting agent is a monoclonal antibody that binds specifically to a peptide having an amino acid
sequence of SEQ ID NO:6 or SEQ ID NO:10, whereby the tumor is treated or prevented in the subject.

8. The compound for use in the method of claim 7, wherein:

(a) the tumor is a solid tumor selected from the group consisting of glioblastoma, sarcoma, carcinoma, and
lymphoma; or

(b) the tumor is associated with a cancer or pre-neoplastic lesion selected from the group consisting of lung
cancer, pancreatic cancer, prostate cancer, skin cancer, bladder cancer, kidney cancer, ovarian cancer, colon
cancer, colorectal cancer, breast cancer, cervical cancer, brain cancer, esophageal cancer, and stomach cancer,
or a pre-cancerous lesion thereof, preferably wherein the tumor is associated with lung cancer or pre-cancerous
lesion thereof.

9. The compound for use in the method of claim 7, wherein the subject is a human.

10. The compound for use in the method of claim 7, wherein the tumor exhibits resistance to a chemotherapeutic agent;
optionally wherein the chemotherapeutic agent is selected from the group consisting of cisplatin and gemcitabine.

11. The compound for use in the method of claim 7, wherein the compound is administered with a pharmaceutically
acceptable carrier.
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A compound comprising a CLPTM1L-targeting agent for use in a method of treating or preventing a disease or
condition associated with CLPTM1L protein dysfunction, the method comprising administering said targeting agent
to a cell, tissue, or organ of a subject at risk of, diagnosed as having, or exhibiting a symptom of the disease or
condition, wherein the CLPTM1L-targeting agent is a monoclonal antibody that binds specifically to a peptide having
an amino acid sequence of SEQ ID NO:6 or SEQ ID NO:10.

The compound for use in the method of claim 12, wherein the CLPTML protein dysfunction comprises one or more
of pathogenic protein production, pathogenic protein modification, or pathogenic protein function.

The compound for use in the method of claim 12, wherein the disease or condition is a tumor, a cancer, or a pre-
neoplastic lesion.

The compound for use in the method of claim 14, wherein the tumor is a solid tumor selected from the group
consisting of glioblastoma, sarcoma, carcinoma, and lymphoma; optionally wherein the tumor exhibits resistance
to a chemotherapeutic agent; optionally wherein the chemotherapeutic agent is selected from the group consisting
of cisplatin and gemcitabine.

The compound for use in the method of claim 12, wherein the compound is administered with a pharmaceutically
acceptable carrier.

Patentanspriiche

1.

CLPTM1L-Targeting-Mittel, wobei das CLPTM1L-Targeting-Mittel ein monoklonaler Antikérper ist, der spezifisch
an ein Peptid mit einer Aminosauresequenz von SEQ ID NO: 6 oder SEQ ID NO: 10 bindet.

CLPTM1L-Targeting-Mittel nach Anspruch 1, wobei der monoklonale Antikérper ein chimarer Antikdrper, humaner
Antikdrper, humanisierter Antikérper, rekombinanter Antikorper, gentechnisch veranderter Antikérper, konjugierter
Antikdrper oder ein Fragment davon ist.

CLPTM1L-Targeting-Mittel nach Anspruch 1, wobei der monoklonale Antikérper ein CLPTM1L-gezielter bispezifi-
scher monoklonaler Antikorper ist.

CLPTM1L-Targeting-Mittel nach Anspruch 1, wobei der monoklonale Antikérper ein Immunkonjugat ist, das ein
Therapeutikum, das aus einem pharmakologischen Mittel, Radioisotop und Toxin ausgewabhlt ist, und einen Linker
umfasst.

Pharmazeutische Zusammensetzung, umfassend das Mittel nach einem der Anspriiche 1-4 und einen pharmazeu-
tisch annehmbaren Trager.

Mittel nach einem der Anspriiche 1-4 oder pharmazeutische Zusammensetzung nach Anspruch 5 zur Verwendung
als ein Medikament.

Verbindung, umfassend ein CLPTM1L-Targeting-Mittel zur Verwendung in einem Verfahren zum Behandeln oder
Vorbeugen eines Tumors, umfassend Verabreichen an ein Subjekt, das deren bedarf, einer therapeutisch wirksamen
Menge der Verbindung an ein Subjekt, wobei das CLPTM1L-Targeting-Mittel ein monoklonaler Antikorper ist, der
spezifisch an ein Peptid mit einer Aminosauresequenz von SEQ ID NO: 6 oder SEQ ID NO: 10 bindet, wodurch der
Tumor in dem Subjekt behandelt oder verhindert wird.

Verbindung zur Verwendung in dem Verfahren nach Anspruch 7, wobei:

(a) der Tumor ein solider Tumor ist, der aus der Gruppe bestehend aus Glioblastom, Sarkom, Karzinom und
Lymphom ausgewahlt ist; oder

(b) der Tumor mit einem Krebs oder einer praneoplastischen Lasion assoziiert ist, der/die aus der Gruppe
bestehend aus Lungenkrebs, Bauchspeicheldrisenkrebs, Prostatakrebs, Hautkrebs, Blasenkrebs, Nieren-
krebs, Eierstockkrebs, Darmkrebs, Kolorektalkrebs, Brustkrebs, Gebarmutterhalskrebs, Hirnkrebs, Speiseréh-
renkrebs und Magenkrebs oder einer prakanzerdsen Lasion davon ausgewahlt ist, bevorzugt wobei der Tumor
mit Lungenkrebs oder einer prakanzerdsen Lasion davon assoziiert ist.
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Verbindung zur Verwendung in dem Verfahren nach Anspruch 7, wobei das Subjekt ein Mensch ist.

Verbindung zur Verwendung in dem Verfahren nach Anspruch 7, wobei der Tumor Resistenz gegen ein Chemo-
therapeutikum aufweist; optional wobei das Chemotherapeutikum aus der Gruppe bestehend aus Cisplatin und
Gemcitabin ausgewahlt ist.

Verbindung zur Verwendung in dem Verfahren nach Anspruch 7, wobei die Verbindung mit einem pharmazeutisch
annehmbaren Trager verabreicht wird.

Verbindung, umfassend ein CLPTM1L-Targeting-Mittel zur Verwendung in einem Verfahren eines Behandelns oder
Vorbeugens einer Erkrankung oder eines Zustands, die/der mit CLPTM1L-Protein-Dysfunktion assoziiert ist, wobei
das Verfahren ein Verabreichen des Targeting-Mittels an eine Zelle, ein Gewebe oder ein Organ eines Subjekts,
beidem das Risiko eines Symptoms der Erkrankung oder des Zustands besteht, das als dieses habend diagnostiziert
wird oder dieses aufweist, umfasst, wobei das CLPTM1L-Targeting-Mittel ein monoklonaler Antikorper ist, der spe-
zifisch an ein Peptid mit einer Aminosauresequenz von SEQ ID NO: 6 oder SEQ ID NO: 10 bindet.

Verbindung zur Verwendung in dem Verfahren nach Anspruch 12, wobei die CLPTM1L-Protein-Dysfunktion eines
oder mehreres von pathogener Proteinproduktion, pathogener Proteinmodifikation oder pathogener Proteinfunktion
umfasst.

Verbindung zur Verwendung in dem Verfahren nach Anspruch 12, wobei die Erkrankung oder der Zustand ein
Tumor, ein Krebs oder eine praneoplastische Lasion ist.

Verbindung zur Verwendung in dem Verfahren nach Anspruch 14, wobei der Tumor ein solider Tumor ist, der aus
der Gruppe bestehend aus Glioblastom, Sarkom, Karzinom und Lymphom ausgewabhlt ist; optional wobei der Tumor
Resistenz gegen ein Chemotherapeutikum aufweist; optional wobei das Chemotherapeutikum aus der Gruppe
bestehend aus Cisplatin und Gemcitabin ausgewahlt ist.

Verbindung zur Verwendung in dem Verfahren nach Anspruch 12, wobei die Verbindung mit einem pharmazeutisch
annehmbaren Trager verabreicht wird.

Revendications

Agent de ciblage de CLPTM1L, I'agent de ciblage de CLPTM1L étant un anticorps monoclonal qui se lie spécifi-
guement a un peptide ayant la séquence d’acides aminés de SEQ ID N° : 6 ou SEQ ID N° : 10.

Agent de ciblage de CLPTM1L selon la revendication 1, dans lequel I'anticorps monoclonal est un anticorps chi-
mérique, un anticorps humain, un anticorps recombinant, un anticorps modifié, un anticorps conjugué ou un fragment
de ceux-ci.

Agent de ciblage de CLPTM1L selon la revendication 1, dans lequel I'anticorps monoclonal est un anticorps mono-
clonal bispécifique ciblé sur CLPTM1L.

Agent de ciblage de CLPTM1L selon la revendication 1, dans lequel I'anticorps monoclonal est un immunoconjugué
comprenant un agent thérapeutique choisi parmi un agent pharmacologique, un radio-isotope et une toxine ; et un
lieur.

Composition pharmaceutique comprenant I'agent selon I'une quelconque des revendications 1 a 4 et un support
pharmaceutiquement acceptable.

Agent selon I'une quelconque des revendications 1 a 4 ou composition pharmaceutique selon la revendication 5,
pou rune utilisation en tant que médicament.

Composé comprenant un agent de ciblage de CLPTM1L pour une utilisation dans un procédé de traitement ou de
prévention d’une tumeur comprenant I'administration a un sujet qui la nécessite d’'une quantité thérapeutiquement
efficace dudit composé a un sujet, 'agent de cible de CLPTM1L étant un anticorps monoclonal qui se lie spécifi-
quement a un peptide ayant une séquence d’acides aminés de SEQ ID N° : 6 ou SEQ ID N°: 10, la tumeur étant
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ainsi traitée ou prévenue chez le sujet.
Composeé pour une utilisation dans le procédé selon la revendication 7, dans lequel :

(a) la tumeur est une tumeur solide choisie dans le groupe constitué par un glioblastome, un sarcome, un
carcinome et un lymphome ; ou

(b) la tumeur est associée a un cancer ou une Iésion pré-néoplasique choisi dans le groupe constitué par le
cancer du poumon, le cancer pancréatique, le cancer de la prostate, le cancer de la peau, le cancer de la vessie,
le cancer du rein, le cancer ovarien, le cancer du colon, le cancer colorectal, le cancer du sein, le cancer du
col de l'utérus, le cancer du cerveau, le cancer de I'cesophage et le cancer de I'estomac, ou une lésion précan-
céreuse de ceux-ci, la tumeur étant de préférence associée a cancer du poumon ou a une lésion précancéreuse
de celui-ci.

Composeé pour une utilisation dans le procédé selon la revendication 7, dans lequel le sujet est un étre humain.

Composeé pour une utilisation dans le procédé selon larevendication 7, dans lequel la tumeur présente une résistance
a un agent chimiothérapeutique ; 'agent chimiothérapeutique étant éventuellement choisi dans le groupe constitué
par le cisplatine et la gemcitabine.

Composeé pour une utilisation dans le procédé selon la revendication 7, le composé étant administré avec un support
pharmaceutiquement acceptable.

Composé comprenant un agent de ciblage de CLPTM1L pour une utilisation dans un procédé de traitement ou de
prévention d’'une maladie ou affection associée a un dysfonctionnement de la protéine CLPTM1L, le procédé com-
prenant 'administration dudit agent de ciblage a une cellule, un tissu ou un organe présentantunrisque, un diagnostic
ou un symptdme de la maladie ou affection, 'agent de ciblage de CLPTM1L étant un anticorps monoclonal qui se
lie spécifiquement a un peptide ayant une séquence d’acides aminés de SEQ ID N°: 6 ou SEQ ID N° : 10.

Composé pour une utilisation dans le procédé selon la revendication 12, dans lequel le dysfonctionnement de la
protéine CLPTM1L comprend au moins I'une d’'une production de protéine pathogéne, d’'une modification de protéine
pathogéne ou d’'une fonction de protéine pathogéne.

Composé pour une utilisation dans le procédé selon la revendication 12, dans lequel la maladie ou affection est
une tumeur, un cancer ou une lésion pré-néoplasique.

Composé pour une utilisation dans le procédé selon la revendication 14, dans lequel la tumeur est une tumeur
solide choisie dans le groupe constitué par un glioblastome, un sarcome, un carcinome et un lymphome ; la tumeur
présentant éventuellement une résistance a un agent chimiothérapeutique ; 'agent chimiothérapeutique étant éven-
tuellement choisi dans le groupe constitué par le cisplatine et la gemcitabine.

Composé pour une utilisation dans le procédé selon la revendication 12, dans lequel le composé est administré
avec un support pharmaceutiquement acceptable.
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